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(54) Process for generating power in a gas turbine cycle 

(57) Process for generating power in a gas turbine 
cycle comprising an air compression stage (12), a fuel 
gas combustion stage (8) and an expansion stage (10) 
providing mechanical power in a rotating power genera- 
tor (14), the improvement of which comprises 

recovering heat contained in exhaust gas (18) 
from the expansion step by means of endothermic cata- 
lytic conversion (4,2) of primary fuel comprising dimeth- 
ylether and/or methanol with water to a gas comprising 
hydrogen and carbon monoxide and employing at least 
a part of the hydrogen and/or carbon monoxide com- 
prising gas as fuel gas (22) in the fuel gas combustion 
stage (8). 
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Description 

The present invention relates to a process for the 
generation of electrical power. In particular, the inven- 
tion concerns improved power generation in chemically 
recuperative gas turbine cycles. 

The use of gas turbines has been significantly 
increased in recent decades. Particularly for power gen- 
eration, combination of air compressors, high pressure 
burners and gas turbines have been of growing impor- 
tance. Those units are most often used to supply energy 
in form of mechanical or electric power, and heat in form 
of steam whether for chemical applications or for heat- 
ing purpose. 

Typical fuel used in gas turbines comprises natural 
gas or other gaseous fuel usually petroleum fractions, 
which are produced by gasification of primary fossil fuel 
or by vaporizing liquid fuels. 

Recent developments have focused on improving 
the overall efficiency which has i.a. caused increase of 
pressure at which burners are operating, modification in 
burner design and increase in temperature at inlet to the 
gas turbine. Realizing the thermodynamic gains in oper- 
ating a gas turbine at the highest possible tempera- 
tures, the reheat process has been introduced where 
expansion takes place in two stages and where the gas 
is reheated by adding part of the fuel between the 
stages. 

The original version of gas turbine based power 
plants was a one-cycle process where all air was 
burned with all fuel and expanded in one step. Through 
improvements over the years, this process has now in 
its most modern version reached overall energy effi- 
ciency between 35% and 40% calculated as the content 
of energy in electricity related to the lower heating value 
of all fuel used. The efficiency is considerably below 
what is achieved in most steam boiler/steam turbine 
based plants operating on any fossil fuel. 

The low efficiency is mainly a consequence of the 
high energy content in exhaust gas, which leaves the 
turbine at high temperatures in the range of 400-800°C. 
Attempts have, therefore, been made to recover energy 
at present as latent heat in the exhaust gas. Several 
processes were recently introduced based on use of 
excess heat by preheating or by conversion into high 
pressure steam for use in a separate power cycle, or for 
power and heat generation in a conventional steam tur- 
bine. The combined gas and steam cycle has improved 
the overall energy efficiency to 46-50%. 

Further progress including the introduction of 
reheating for combined cycle plants has made it possi- 
ble to obtain overall energy efficiency close to 60%. This 
result is obtained by installation of quite complex equip- 
ment operating close to the borderline of what is techni- 
cally obtainable today. 

tt has further been considered to recover the heat 
content in exhaust gas from a gas turbine by introducing 
an endothermic chemical process. It has thus been pro- 
posed to supply the heat necessary for endothermic 



conversion of hydrocarbons, e.g. natural gas or distil- 
lates, and steam to partially convert hydrocarbons into 
combustible gases, containing hydrogen and carbon 
monoxide, and then use the gas resulting from the 
s steam reforming process as fuel in burners upstream 
the gas turbine. 

Use of chemical recuperation is difficult for many 
reasons. As a main drawback of chemical recuperation 
it is not possible to utilize heat below a certain tempera- 
te ture in the range of 500° C or the process can only be 
used if steam reforming equipment is combined with a 
separation process for hydrogen as described in Danish 
Patent Application No. 0070/95. 

The main object of this invention is to provide a 
is cheap and efficient process for recovering the heat con- 
tent in exhaust from gas turbines by use of dimethyl- 
ether (DME) and/or methanol as primary fuel. 

Accordingly, this invention is a process for generat- 
ing power in a gas turbine cycle comprising an air com- 
20 pression stage, a fuel gas combustion stage and an 
expansion stage providing mechanical power in a rotat- 
ing power generator, the improvement of which com- 
prises 

25 recovering heat contained in exhaust gas from the 
expansion step by means of endothermic catalytic 
conversion of primary fuel comprising dimethyl - 
ether and/or methanol with water to a gas compris- 
ing hydrogen and/or carbon monoxide and 
30 employing at least a part of the hydrogen and car- 
bon monoxide comprising gas as fuel gas in the 
combustion stage. 

DME may be prepared directly from natural gas or 
35 from other fossil fuels as described in e.g. US Patent 
No. 4,417,000 and DE Patent No. 4,222,655. 

The invention makes use of DME or methanol feed 
capacity to absorb heat down to temperatures as low as 
200-225°C through conversion of the feed with water 
40 vapor to a gas containing hydrogen, CO, and methane 
as main combustible components. The conversion reac- 
tions are carried out in presence of one or more cata- 
lysts, which are arranged in a reactor and heated by the 
hot exhaust gas from the gas turbine in the expansion 
45 step. 

The conversion of DME and methanol (MeOH) into 
gas turbine fuel is performed by the chemical reaction 
described below: 

so CH3OCH3 + H 2 0 2CH3OH (1) 

CH3OH + H 2 0 ,* C0 2 + 3H 2 (2) 

C0 2 + H 2 * CO + H 2 0 (3) 

55 

Catalysts, which are able to catalyze the above 
reactions at low temperatures, are acidic zeolites, alu- 
mina silicate, silica alumina and alumina physically 
admixed with a conventional methanol decomposition 
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catalyst based on Cu-Zn-alumina. as described in Dan- 
ish Patent Application No. 0852/95. 

The process is attractive because i.a. of the low 
temperature at which DME or MeOH can absorb heat 
and convert it into chemical energy which will be 
released ahead of the gas turbine. An overall energy 
balance is achieved by using a simple once-through gas 
turbine giving exhaust temperatures in the range 500- 
800°C and high overall energy efficiency is obtained 
without reheat, thus simplifying the plant. DME/MeOH 
and water process feed can through preheat and vapor- 
ization utilize the remaining heat in the exhaust gas 
leaving the DME/MeOH converter e.g. at 250°C and 
thus advantageously convert heat in the exhaust gas 
down to a very low flue gas temperature even below 
100°C. 

The ratio between water and DME and/or MeOH 
may vary within wide limits, and thus be determined 
exclusively on the basis of optimum and overall energy 
efficiency. Optimum efficiency will typically require a low 
ratio between steam and DME/MeOH in the range 2:1 
to 20:1. The reactor may be of the conventional type, 
including tubular reactors with the exhaust gas flowing 
around tubes and the process gas through the tubes 
filled with catalysts. 

Preferably, two or more types of catalyst will be 
applied. A low temperature catalyst, which will retain 
high activity down to temperature about 200°C as 
described hereinbefore and high temperature catalyst 
e.g. alumina, which may be exposed to higher tempera- 
ture than tolerated by the low temperature catalyst. The 
high temperature catalyst will preferably be used for 
completing the conversion of DME and/or MeOH. 

Introduction of DME and/or MeOH into the process 
is carried out together with water. The mixture may be 
preheated and vaporized, thus taking advantage of the 
fact that the steam-DME/MeOH vapor mixture can be 
fully vaporized at the high pressure required at temper- 
atures considerably lower than otherwise required when 
steam is vaporized separately. 

The invention will be described more detailed in the 
following Example by reference to the drawing, in which 
Fig. 1 shows a simplified process scheme for DME 
based single cycle, single heat turbo power plant. 

Example 

Operating under the conditions shown in Fig. 1 , it is 
possible to obtain an overall energy efficiency of 48%, 
which is at least some 20% higher than what is other- 
wise obtained in a conventional single cycle plant. 

The plant comprises a reforming reactor 2 with cat- 
alyst tubes 4 containing a catalyst mixture of ZSM-5 and 
a Cu-Zn-alumina methanol decomposition catalyst 
commercially available from Haldor Topsee A/S, Den- 
mark, 

A combustion chamber 8 is connected to reactor 2. 
Combustion chamber 8 supplies hot gas to a gas tur- 
bine 10 by burning hydrogen and carbon monoxide con- 



taining fuel gas obtained by DME reforming in reactor 2. 
The fuel is burned with compressed air from air com- 
pressor 1 2 being shaft connected to gas turbine 1 0. Gas 
turbine 10 is, furthermore, shaft connected to a rotating 
5 power generator 14 for the production of electrical 
energy. 

In operating the above gas turbine cycle 94101 
Nm 3 /h feed gas of H 2 0 and DME with a mole ratio of 
H 2 0:DME 14.5:1 are preheated in preheater 16 to a 
10 temperature of 196°C by indirect heat exchange with 
turbine exhaust gas 20 having been cooled in reactor 2 
to a temperature of 308°C as further described below. 
The preheated feed is further heated to 300°C in pre- 
heater 17 by indirect heat exchange with hot turbine 
is exhaust gas 18 leaving turbine 10 at a temperature of 
771 °C and being cooled to a temperature of 450°C. 

"me preheated gas is then introduced at 300°C into 
reforming reactor 4. In reactor 4, the gas is reformed by 
contact with the above catalyst mixture to hydrogen rich 
20 fuel gas 22 having a composition of 30.52 mole% hydro- 
gen, 59.22 mole% water, 10.01 mole% carbon dioxide, 
and 0.25 mole% carbon monoxide. The endothermic 
reforming reaction proceeding in tube 4 of the reactor is 
maintained by heat supplied from exhaust gas 18 being 
25 introduced at a temperature of 450°C on shell side of 
tubes 4 in reactor 2. Having supplied heat to the reform- 
ing reactions the exhaust gas is withdrawn from reactor 
2 as cooled exhaust gas 20 at a temperature of 309°C 
and used for preheating the feed gas to reactor 2 as 
30 described above. 

Fuel gas 22 is conducted at a reactor outlet temper- 
ature of 350°C and a flow rate of 1 1 8385 Nm 3 /h to com- 
bustion chamber 8 and combusted with air 24 being 
supplied from compressor 12 at a pressure of 16 atm, a 
35 temperature of 420°C and a flow rate of 1 37921 Nm 3 /h. 
Combusted gas 26 from combustion chamber 8 is intro- 
duced at a temperature of 1350°C, a pressure of 16 atm 
and a flow rate of 238,094 Nm 3 /h into gas turbine 10. 
The gas is expanded to atmospheric pressure thereby 
40 providing rotating energy, which is converted into elec- 
trical energy in generator 14. 

At the above conditions, the energy content in the 
feed gas was 100 MW. which was converted to 48 MW 
electrical power in the gas turbine cycle corresponding 
45 to a cycle efficiency of 48%. 

Claims 

1 . Process for generating power in a gas turbine cycle 
so comprising an air compression stage, a fuel gas 
combustion stage and an expansion stage provid- 
ing mechanical power in a rotating power generator, 
the improvement of which comprises 

55 recovering heat contained in exhaust gas from 

the expansion step by means of endothermic 
catalytic conversion of primary fuel comprising 
dimethylether and/or methanol with water to a 
gas comprising hydrogen and/or carbon mon- 
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oxide and employing at least a part of the 
hydrogen and/or carbon monoxide comprising 
gas as fuel gas in the fuel gas combustion 
stage. 

5 

2. The process of claim 1 , wherein the primary fuel 
being preheated by heat exchange with the exhaust 
gas prior to the catalytic conversion. 

3. The process of claim 1, wherein the expansion 10 
stage comprises two or more expanders with 
reheaters between the expanders. 
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